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(57) Abstract 

A microwave processing 
system is disclosed. The system is 
particularly useful for concurrently 
controlling a plurality of chemical 
reactions from a single microwave 
source. The system comprises 
a source (15) that produces 
electromagnetic radiation in the 
microwave range; a waveguide 
(16) in communication with the 
source and into which the source 
propagates microwave radiation; a 
resonator (20) in communication 
with the waveguide; and adjustable 
dynamic moderating means (22, 
33-36) between the waveguide and 
the resonator for moderating the wave 
energy passing from the waveguide 
to the resonator without substantially 
changing the propagated mode in the 
waveguide. 
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MICROWAVE APPARATUS FOR CONTROLLING 
POWER LEVELS IN INDIVIDUAL MULTIPLE CELLS 



The present invention relates to an apparatus 
for microwave processing of laboratory- type samples, 
and in particular relates to an apparatus for 
individually controlling and processing a plurality of 
5 microwave responsive samples using a single magnetron, 
and for carrying out associated microwave assisted 
chemical reactions . 

Background of the Invention 

"Microwave" is the term used to describe the 

10 portion of the electromagnetic spectrum that has 

wavelengths (X) between the far infrared and the radio 
frequency; i.e. between about one millimeter (mm) and 
about 30 centimeters (cm) , with corresponding 
frequencies (v) in the range from about 1 to 300 

15 gigahertz (GHz) . The upper and lower limits of the 
range defined as "microwave" are, of course, somewhat 
arbitrary. Microwave radiation has a number of useful 
purposes, including spectroscopy, communication, 
navigation, and medicine, but one of the most common 

20 uses is as a heating medium, particularly for food; 
i.e. the almost ubiquitous "microwave oven." 

Because microwaves are useful for heating 
substances that respond to these frequencies of 
electromagnetic radiation (i.e., those with a high 

25 dielectric absorption, "loss tangent", or "loss 
factor"), use of microwave power to heat chemical 
reagents and drive chemical reactions other than food 
preparation has greatly increased over the last several 
decades. As well known to chemists and those in 
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related fields, most chemical reactions either require 
or benefit from the application of heat. For several 
generations of chemists, heating has typically been 
done with the classic bunsen burner, or more recently 
5 heated plates ("hot plates"). Nevertheless, the use of 
microwave energy is entirely appropriate, if all other 
factors are likewise conducive to the use of 
microwaves . 

Accordingly, there are a number of 
10 commercially available microwave devices (generally 
analogous to microwave ovens that are designed for 
laboratory use. 

A typical microwave device for laboratory 
heating (sometimes referred to as "microwave assisted" 

15 chemistry) uses a magnetron as the microwave source, a 
waveguide (typically a hollow circular or rectangular 
metal tube of uniform cross section) to guide the 
microwaves, and a resonator (sometimes also referred to 
as the. "cavity" ) into which the microwaves are directed 

20 to heat a sample. A magnetron is not the only 

potential source of microwave radiation. Klystrons, 
travelling wave tubes, oscillators, and certain 
semiconductor devices can also produce microwaves. 
Magnetrons are, however, simple and economical from a 

25 number of standpoints and thus are widely used in 

microwave devices for both home and laboratory. One 
disadvantage of magnetrons, however, is that they 
produce a single frequency (i.e. a narrow band) at a 
given power level. Thus, when attempting to adjust the 

3 0 power to be directed towards a sample in a resonator, 
the most common method of controlling the magnetron is 
to run it at its designated power while turning it on 
and off on a cyclical basis. 

For example, when a typical magnetron- source 

35 microwave device is set to run at 50 percent power, in 
reality the magnetron runs at full power for 50 percent 
of the time on a cyclical basis. 
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When microwave devices are used for chemical 
reactions, a common technique for maximizing their 
efficiency is to run a plurality of reactions in 
separate containers ("vessels") at the same time in a 
5 single, relatively large resonator. The containers are 
typically made of a microwave transparent material such 
as an appropriate glass, plastic, or ceramic. 
Generally, a plurality of two or more containers, and 
sometimes as many as fifty (50) , are placed in the 

10 cavity of a laboratory microwave device and then 
radiated with the microwaves. In a typical 
circumstance, one of the vessels is monitored for 
pressure, temperature, color change, or some other 
parameter that measures or indicates the progress of 

15 the reaction in that single vessel. The remaining 
unmonitored vessels are considered to have behaved 
identically to the monitored vessel. This is, however, 
only a best estimate, as is recognized by those of 
ordinary skill in this art. 

20 Although every single vessel in a single 

resonator could be individually monitored, the 
complexity of doing so would greatly reduce efficiency 
and raise costs undesirably. Furthermore, because most 
devices use a single magnetron as the source, 

25 individual monitoring would still lack individual 
control . 

Such single monitoring systems, however, have 
a number of weaknesses. Primarily, the wavelengths of 
microwaves are small enough (a 2.45 Ghz magnetron 

30 produces a 12.25 cm wavelength) that in a cavity the 
size of a typical home microwave oven or laboratory 
microwave device, the microwaves will reflect and 
interfere with one another at a plurality of locations 
in a manner well understood by those familiar with wave 

3 5 propagation. As a result, the typical cavity is full 
of standing waves that define a number of nodes (i.e. 
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high energy interference points) and nulls (low energy 
interference points) . 

As a point of definition, the term "node" 
generally (and as used herein) refers to a high energy 
5 point in a wave interference pattern. The phonetically 
similar term "mode", however, refers to the wave 
pattern itself in a defined area such as the resonator 
of a microwave device. Accordingly, microwaves in a 
resonator can produce a "mode" within the resonator 

10 that in turn includes a plurality of nodes and nulls. 

Accordingly, in the absence of any other 
factors, the cavity of a typical microwave device will 
tend to produce a number of hot and cool spots in the 
items in the cavity. In order to alleviate this 

15 condition, the microwaves exiting the magnetron and the 
waveguide are typically "stirred" by a rotating 
reflector very similar to an ordinary electric fan. 
The stirrer changes the pattern of microwaves into a 
number of continuously differing patterns so that the 

20 instantaneous position of nodes and nulls is constantly 
changing, thus bringing some degree of uniformity to 
(or at least reducing the discontinuities in) the 
energy distribution in the cavity. 

As another factor, however, the presence of 

25 samples and sample containers in a microwave oven also 
changes the interference pattern within the cavity. 
Thus, even if the interference pattern of a given 
microwave cavity could be predicted, placing an object, 
sample container, or chemical sample in the oven to be 

30 heated would immediately change the interference 
pattern. 

Accordingly, a fundamental problem remains: 
if multiple samples are treated with microwaves from a 
single magnetron source, that treatment will (l) be 
35 less than uniform; and (2) lack individual control. 
Thus, where the chemical reaction task at hand is to 
treat a plurality of samples, the lack of uniformity is 
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a recognized problem in typical laboratory microwave 
devices. In other circumstances, where individual 
reactions, whether of the same or different reagents, 
must be individually controlled, the typical microwave 
5 device is similarly less useful, less efficient, or 
even useless. 

As mentioned above, sources other than 
magnetrons can be used to produce microwaves, and 
indeed to control the power level from microwaves, but 

10 such sources are somewhat more complex and in many 
purposes more expensive than the magnetron. 

Accordingly, the need exists for a microwave 
apparatus for driving chemical reactions that can 
control multiple samples at different power levels from 

15 a single magnetron and that can individually adjust the 
power level to the individual samples as needed or 
desired. 



Object and Summary of the Invention 

It is therefore an object of the present 
20 invention to provide a microwave processing system that 
is particularly useful for concurrently controlling a 
plurality of chemical reactions from a single microwave 
source . 

The invention meets these and other objects 
25 with a microwave processing system that comprises a 
source that produces electromagnetic radiation in the 
microwave range, a waveguide in communication with the 
source and into which the source propagates microwave 
radiation, a resonator in communication with the 
30 waveguide, and adjustable dynamic moderating means 

between the waveguide and the resonator for moderating 
the wave energy passing from the waveguide to the 
resonator without substantially changing the propagated 
mode in the waveguide. 
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The foregoing and other objects, advantages 
and features of the invention, and the manner in which 
the same are accomplished, will become more readily 
apparent upon consideration of the following detailed 
5 description of the invention taken in conjunction with 
the accompanying drawings, which illustrate preferred 
and exemplary embodiments, and wherein: 



Description of the Drawings 

Figure 1 is a perspective view of a 
10 commercial embodiment of the present invention; 

Figure 2 is a schematic diagram of the 
relationship between the magnetron, waveguide, 
adjustable moderating means and resonators of the 
present invention; 
15 Figure 3 is a perspective view of the 

magnetron, waveguide and resonator portions of the 
invention, along with typical sample containers and the 
monitoring devices of the present invention; 

Figure 4 is a partial and partially exploded 
20 view of Figure 3 and showing some of the elements 
thereof in greater detail; 

Figure 5 is a front elevational view, 
partially broken away, of one embodiment of the 
invention; and 
25 Figure 6 is a cross-sectional view taken 

along line 6-6 of Figure 5. 



Detailed Description 
Figure 1 is a perspective rendering of a 
commercial embodiment of the present invention 
30 generally designated at 10. Figure 1 illustrates the 
invention in a commercial housing 11, and thus a number 
of details will be explained with reference to Figures 
2-6 rather than with respect to Figure 1. Figure 1 
does illustrate, however, a plurality of reaction cells 
35 12, which as explained in more detail herein, are the 
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resonators of the microwave processing system according 
to the invention. Figure 1 also illustrates that when 
chemical reactions are carried out in the microwave 
processing system 10, they are usually done in a 
5 container of some sort illustrated in Figure 1 as a 
glass reaction vessel 13 with a cold trap, vent, or 
reflux apparatus 14 on top of the reaction vessel 13 to 
control the reaction by-products (often gases) in any 
desired fashion. 

10 Figure 1 also illustrates that the invention 

provides individual controls 19 for each of the 
reaction cells 12, and the ability to control the cells 
individually while using a single waveguide and a 
single magnetron is one of the primary useful features 

15 of the present invention. 

The operating details of the invention are 
best illustrated by Figures 2-6. 

Figure 2 illustrates the main features of the 
invention in schematic fashion. As illustrated 

20 therein, the microwave processing system comprises a 
microwave source shown as the magnetron 15 that 
produces electromagnetic radiation in the microwave 
range. The microwave source 15 can be any appropriate 
source, some of which include klystrons, travelling 

25 wave tubes, various electronic oscillators, and solid 
state sources including various transistors and diodes. 
As will become apparent herein, however, one of the 
particular advantages of the invention is that a single 
magnetron, which typically is a less expensive and 

30 simpler device for producing the appropriate microwave 
radiation, can be used at a single frequency and at a 
given or selected power level while individually 
controlling a plurality of different chemical 
reactions . 

35 In this regard, the basic theory and 

operation of microwave devices and the like are 
relatively well known and will not be explained in 
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detail herein other than as necessary to describe the 
claimed invention. A number of straightforward 
discussions are available from common sources, however, 
including for example the McGraw Hill Encyclopedia of 
5 Science and Technology, 7th Edition (1992) starting at 
page 159 of Volume 11. 

Similarly, a good explanation of solid state 
devices and the theory of their operation and microwave 
capabilities are given in Sze, Physics of Semiconductor 

10 Devices, 2nd Edition (1981) and particularly in 
chapters 9, 10 and 11 covering pages 513-678. 

Figure 2 further illustrates that the 
magnetron 15 is in communication with a waveguide 16 
into which the magnetron 15 propagates microwave 

15 radiation through the antenna 17. 

At least one, and preferably a plurality of 
resonators 20 are in communication with the waveguide 
16. Figure 2 illustrates that the resonators 20 
include circular sample holders 21, it being understood 

20 that neither the invention nor the vessels are limited 
to this shape, but that the circular shape is typically 
the most convenient for reaction vessels for chemical 
reactions . 

Figure 2 illustrates a microwave processing 
25 system with six resonators, but it will be understood 
that the invention is not limited to any particular 
number of resonators, and that a system with a single 
resonator can comprise one embodiment of the present 
invention as can a system with two or more resonators. 
30 Figure 2 further illustrates in schematic 

fashion the adjustable dynamic moderating means 22 
between the waveguide 16 and the resonators 20 for 
moderating the wave energy passing from the waveguide 
to the resonator without substantially changing the 
35 propagated mode in the waveguide. 

As used herein, the term "dynamic" is applied 
in its sense of describing force related to motion, and 
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as the opposite of "static". Stated somewhat 
differently, the adjustable dynamic moderating means 22 
moves to adjustably control the passage of microwaves 
while the microwaves are passing from the waveguide to 
5 the resonator. 

As noted earlier, the cross-sectional 
dimensions of a waveguide such as the waveguide 16 
determine a frequency and a corresponding wavelength 
below which transmission becomes minimal or 

10 nonexistent. This is referred to as the "cutoff" 

frequency or wavelength. In a waveguide, the mode with 
the lowest cutoff frequency is called the "dominant" 
mode. As further noted above, placing samples in a 
typical waveguide or resonator tends to change the 

15 pattern of electromagnetic field components and thus 
change the modes in an uncontrolled manner. 

In contrast, in the present invention the 
waveguide remains the same, and the propagated modes 
(nodes and nulls) remain substantially the same 

20 therein, even while the individual resonators are being 
individually controlled. 

As further schematically illustrated in 
Figure 2, the invention includes means, shown as the 
infrared pyrometer 23, for monitoring the effects of 

25 microwaves on a sample in the resonator 20 and means, 
shown as the feedback loop 24, in communication with 
the monitoring means 23 and the adjustable moderating 
means 22, for controlling the moderating means 22 based 
upon the effects of microwave energy on the sample in 

30 the resonator 20 monitored by the monitoring means 23. 

A number of appropriate control systems can 
be used to control the moderating means 22 based on 
input from the pyrometer 23, and these are well known 
to those of ordinary skill in these arts. By way of 

35 example and not limitation, however, various control 
systems are described in appropriate fashion in R. 
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Dorf , The Electrical Engineering Handbook, 1993, CRC 
Press, Inc., pages 2099-2153. 

As known to those familiar with monitoring 
chemical reactions, an infrared pyrometer measures the 
5 temperature of a reaction (or of a vessel heated by a 
reaction, or both) by monitoring the infrared radiation 
emitted by the reaction. The invention is not limited 
to infrared pyrometers, however, because depending upon 
the type of chemical reaction taking place, any other 

10 appropriate monitoring device or parameter could be 
used. These could include color within the visible 
spectrum, electromagnetic radiation from some other 
part of the spectrum (for example ultraviolet 
radiation) , or the measurement of gas pressure or 

15 volume generated, or any other parameter appropriate to 
the particular chemical reaction being monitored and to 
the monitoring device being used. In general, however, 
an infrared pyrometer is noninvasive and thus 
convenient for many laboratory applications. 

20 Figures 3 and 4 illustrate the present 

invention in more detail and for the sake of 
consistency with Figure 1, the magnetron is broadly 
designated as 15 in Figures 3 and 4, the waveguide as 
16, and the ports as the circular openings 18. 

25 In addition to illustrating the magnetron 15, 

the waveguide 16, and six resonators 20, Figure 3 also 
illustrates a respective pyrometer 23 for each 
respective resonator 20. In the embodiment illustrated 
in Figure 3, the pyrometer further includes a small 

30 spill tray 25 that protects it from any accidental 

overflow of reagents from the reaction vessels. In the 
illustrated embodiment, the waveguide 16 has a 
rectangular cross-section, and is formed of an 
appropriate metal that will reflect, and thus direct, 

3 5 the microwaves within the waveguide 16. 

Figure 3 further illustrates that in typical 
embodiments, the chemical reactions generally will be 



WO 97/13136 PCT/US96/14530 

-11- 

carried out in cylindrical vessels 13 (as also 
illustrated in Figure 1) and which are maintained in 
position by the upright holders 26 and in preferred 
embodiments an additional sleeve 27 (Figure 4) . Figure 
5 3 also illustrates that the resonators 20, which are 
also formed of metal, include partially covered 
openings 3 0 that can be used to permit a visual 
inspection of reactions taking place in the vessels 13, 
and which are covered by an appropriate medium, such as 
10 a metal screen or other conductive material, that 

prevents microwaves from escaping from the resonator 20 
through the opening 30. 

Figure 3 also illustrates that each resonator 
20 has a respective associated motor 31 and shaft 32 
15 that form part of the moderating means 22 (Figure 2) in 
a manner to be described herein. 

Figure 4 illustrates that the adjustable 
moderating means 22 (Figure 2) comprises a port 18 
between the waveguide 16 and the resonator 20 for 

2 0 permitting microwave radiation to communicate between 

the waveguide 16 and the resonator 20, As used herein, 
and in microwave terminology in general, the term 
"port" describes an opening through which microwaves 
can pass. The port has an aperture used in conjunction 

25 with adjusting means which can change the amount of 

microwave radiation that reaches the resonator 20 from 
the waveguide 16. The aperture includes the rotating 
cover disk 33 over the port 18 between the waveguide 16 
and the resonator 20. The cover disk 33 includes a 

30 slot 34. The aperture disk 33 and the slot 34 are 
adjustable through a range of positions in which the 
aperture will pass, partially pass or block microwave 
radiation. In general, the size and shape of the slot 
can be selected on the basis of the dominant frequency 

3 5 produced by the magnetron and the waveguide, and the 

orientation affects the extent to which the electric 
field vector is transmitted through it. From a 
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functional standpoint, the slot should be wide enough 
to avoid heating the slot as the energy passes through, 
while narrow enough to block the microwaves when the 
slot is rotated. In the illustrated embodiment, the 
5 magnetron produces 2.455 GHz and the slot's dimensions 
are about 6 cm long by 1.2 cm wide . 

It will be understood that the disk and slot 
system illustrated and described herein are 
illustrative of the moderating means of the present 

10 invention rather than limiting of it. Other dynamic 
systems could include (but are similarly not limited 
to) various wire arrangements across the port, or the 
use of an electromagnet to vary the field, and thus the 
energy, passing through the port to the resonator. It 

15 will be understood that such an electromagnet would 
function dynamically even though it would lack moving 
parts . 

The disk 33 has a plurality of teeth 35 on 
its circumference. In a preferred embodiment the teeth 

20 35 are formed of plastic to avoid the necessity for 
additional grounding. Metal teeth can be used if 
properly grounded. The microwave processing system 
additionally comprises a gear 36 for which the motor 31 
and shaft 32 provide driving means to thereby rotate 

25 the disk, change the orientation of the slot 34 in the 
port 18, and thereby change the amount of microwave 
radiation that reaches the resonator from the 
waveguide . 

In this regard, the position of each of the 
30 resonators 20 with respect to the waveguide 16 is based 
upon the wavelength produced by the magnetron 15 and 
the null and node positions that are defined by the 
waveguide 16 at the wavelength produced by the 
magnetron 15. Most preferably, the waveguide 16 
35 comprises a single mode waveguide that can be 
designated as a TE 10x waveguide in microwave 
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terminology, where x designates the number of nulls in 
the propagated direction. 

As shown schematically in Figure 2, the 
pyrometer 23 and the feedback loop or circuit 24 are in 
5 electrical communication with the motor 31 so that the 
degree to which the motor rotates the disk 33 --and 
therefore the slot 34- -is controlled by the temperature 
measurement from the pyrometer 23. 

Furthermore, the degree to which the slots 

10 pass or block microwaves is substantially proportional 
to the degree of rotation of the slot, thus providing a 
far more accurate proportionate temperature control 
than the typical technique of interrupting the 
magnetron's full power on a cyclical basis. 

15 Additionally because of the individual temperature 

monitoring and individual slot control, any one or more 
(or all) of the slot positions can be optimized 
regardless of the number of other slots that are either 
open or closed. 

20 In accordance with the present invention, it 

has been found that if the waveguide 16 and the 
position of the ports 18 are properly coordinated, 
relatively small movements of the slot 34 can change 
the degree to which microwave energy reaches the 

25 resonator from the waveguide from complete blockage to 
complete communication, and with a number of partial 
transmissions in between. Using the embodiment 
illustrated in Figures 3 and 4, a rotation of the disk 
33 and slot 34 over a range of between about 0° and 

30 90°, and preferably between about 0° and 45°, is 
sufficient to concurrently provide each individual 
resonator 20 with any degree of desired microwave 
energy from the waveguide 16, and yet without 
substantially changing the propagated mode in the 

35 waveguide. 

Figure 5 is a side elevational view showing a 
number of the same elements and likewise illustrating 
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that the shape and position of the slot 34 are such 
that a 45° rotation of the slot 34 will either open or 
close the slot to microwave transmission. Figure 5 
also illustrates that the rotation of the disk 33 is 
5 limited by a finger 37 that moves in a channel 40 to 
help control and limit the degree to which the slot can 
be rotated. In the embodiment illustrated in Figure 5, 
the aperture is closed to microwaves when the slot is 
horizontally oriented, and fully open to microwaves 

10 when the slot is approximately 45° from vertical. It 
will be understood that the particular opened and 
closed positions for a particular slot will depend upon 
the size and shape of the waveguide and resonator, but 
can be easily determined on a case-by-case basis 

15 without undue experimentation. 

Figure 6 shows a single cell and resonator in 
somewhat more detail, and illustrates that the 
resonator 20 has a measurement access opening shown as 
the tube-like member 41 extending from its lowest 

20 portion to permit the reaction taking place in the 
vessel 13 to be appropriately monitored. As noted 
above, neither the position of the pyrometer 23, nor 
its specific function as a temperature measurement 
device are limiting of the claimed invention, but 

25 simply represent a convenient method of monitoring a 

chemical reaction under many circumstances particularly 
one carried out at elevated temperatures. 

In the drawings and specification, there have 
been disclosed typical preferred embodiments of the 

30 invention and, although specific terms have been 
employed, they have been used in a generic and 
descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth 
in the following claims. 
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THAT WHICH IS CLAIMED IS: 

1. A microwave processing system that is 
particularly useful for concurrently controlling a 
plurality of chemical reactions from a single microwave 
source, said system comprising: 

5 a source that produces electromagnetic 

radiation in the microwave range; 

a waveguide in communication with said source 
and into which said source propagates microwave 
radiation ; 

10 a resonator in communication with said 

waveguide ; and 

adjustable dynamic moderating means between 
said waveguide and said resonator for moderating the 
wave energy passing from said waveguide to said 
15 resonator. 

2 . A microwave processing system according 
to Claim 1 wherein said moderating means avoids 
substantially changing the propagated mode in said 
waveguide as it moderates the wave energy passing from 

20 said waveguide to said resonator. 

3 . A microwave processing system according 
to Claim 1 wherein said microwave source is selected 
from the group consisting of magnetrons, klystrons, 
electronic oscillators, travelling wave tubes, 

25 transistors, and diodes. 

4 . A microwave processing system according 
to Claim 1 and further comprising: 

means for monitoring the effects of 
microwaves on a sample in said resonator; and 
3 0 means in communication with said monitoring 

means and said adjustable moderating means for 
controlling said moderating means based upon the 
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effects of microwave energy on the sample in said 
resonator monitored by said monitoring means. 



5. A microwave processing system according 
to Claim 4 comprising means for measuring the 

5 temperature of a sample in a resonator. 

6. A microwave processing system according 
to Claim 4 wherein said monitoring means comprises a 
pyrometer and said communication means comprises a 
feedback circuit between said pyrometer and said motor 

10 for controlling said motor and said aperture, and 

thereby controlling the microwave energy reaching the 
sample based upon the input from the pyrometer and thus 
based upon the temperature of the sample. 

7. A microwave processing system according 
15 to Claim 1 wherein said adjustable moderating means 

comprises : 

a port between said waveguide and said 
resonator for permitting microwave radiation to 
communicate between said waveguide and said resonator; 
20 an aperture in said port that is adjustable 

between positions in which the aperture will pass, 
partially pass, or block microwave radiation; 

means for adjusting said aperture to thereby 
control the amount of microwave radiation that reaches 
25 said resonator from said waveguide. 

8. A microwave processing system according 
to Claim 7 wherein said aperture comprises: 

a rotating cover over said port between said 
waveguide and said resonator; and 
30 a slot in said moveable cover, said slot 

being wide enough to avoid becoming overheated by 
microwaves passing therethrough, while small enough to 
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block the passage of microwaves when the slot is 
rotated. 

9. A microwave processing system according 
to Claim 8 wherein 
5 said rotating cover comprises a circular disk 

with a plurality of teeth on the circumference of said 
disk; 

said microwave processing system further 
comprising a gear in engagement with at least some of 
10 said teeth; and 

means for driving said gear to thereby rotate 
said disk, change the orientation of said opening and 
thereby change the amount of microwave radiation that 
reaches said resonator from said waveguide. 

15 10. A microwave processing system according 

to Claim 1 wherein the position of said resonator with 
respect to said waveguide is based upon the wavelength 
produced by said microwave source and the null and mode 
positions that are defined by said waveguide at the 

20 wavelength produced by said microwave source. 

11. A microwave processing system according 
to Claim 10 wherein said waveguide comprises a single 
mode waveguide . 



12 . A microwave processing system according 
25 to Claim 11 comprising two or more separate resonators 
in independent communication with said single mode 
waveguide . 
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